aging, aircraft, laminated wood), core boards (laminboards, blockboards, battenboards, veneered boards), sandwich boards (honey-comb panels) and also according to the form (flat and shaped).
Another categorisation of plywood sheets can be made according to main qualitative parameters, i.e. according to service life (for use in outdoor conditions and in the interior dry environment), mechanical properties, surface appearance, surface treatment (sanded, non-sanded, surface treated, coated).
The plywood sheet quality is assessed according to many criteria and characteristics. Generally, it is possible to state that plywood sheets are classified according to particular standards. They have to meet requirements for size accuracy (sizes and dimension stock), gluing quality, external qualitative parameters, physical and mechanical properties, special requirements of customers (decreased release of formaldehyde, increased fire resistance, mould, fungi and insect resistance).
Bending strength and modulus of elasticity (MOE) in bending of plywood materials are affected by a number of factors, viz. tree species, tree quality, wood moisture, wood density, wood structure, temperature, number of plies, adhesive, and permanent load.
Effects of wood moisture
The moisture content of veneers used for the production of plywood sheets ranges between 4 and 10%. Strength and elastic properties of wood and wood-based materials are dependent on the moisture content up to the fibre-saturation point. Above the point, the properties do not change any more. Within the moisture range of 8 to 18%, changes in properties of wood and plywood sheets are most intensive being linear. With the moisture change by 1% (at a range of 5-30%) the bending strength is changed by 4% and MOE by 1% (ŠTELLER 1978) .
Effects of density
With the increasing density, MOE in bending and bending strength increase. The relation is expressed linearly. The relationship between density and mechanical properties of wood is more complicated because wood strength is dependent not only on its density but also on its anatomical structure. Effects of density are most shown in dry wood being inexpressive at the moisture content above the hygroscopicity point (ŠTELLER 1967) .
Effects of temperature
With the increasing temperature MOE in bending and bending strength decrease. Effects of a temperature on mechanical properties change with the moisture content. Interactions of temperature and wood moisture are markedly manifested at 60-90°C. With the increasing temperature and moisture content wood strength markedly decreases. Simultaneous effects of both the factors decrease the wood strength more than separate effects of each of the factors (MATOVIČ 1993) .
Effects of permanent load
In practice, except short-term load timber structures are stressed also by permanent load. Under long-term load, wood deformation occurs (KOŽELOUH 1998) . With a longer period of load the values characterising wood strength decrease. Therefore, under conditions of permanent load the results from short-term static loads cannot be used. Long-term behaviour of plywoods is based on wood quality, course of load, wood moisture and wood temperature. Therefore, it is necessary to take into account a reduction of the bending MOE value for permanent load by a certain value, viz.: -for long-term load operating more than 1 year: 0.7-0.4 -for medium-term load operating less than 1 year: 0.8-0.6 -for short-term load operating less than 1 week:
1.0-0.7.
Effects of the number of plies
In bending load, a decisive role is played by the geometrical arrangement of particular plies. Properties of particular plies and their proportion in the total thickness of a sheet are a cardinal parameter. In elements subject to bending load, it is possible to carry out the extreme reduction of a central ply (e.g. using the honeycomb structure or foams) and thus to obtain relatively light combined boards with the high modulus of elasticity and bending strength. The reduction of central plies can, however, cause problems in the application of the boards, e.g. in mounting fittings (BALDWIN 1973) .
Effects of structure
The fibre direction angle between particular plies, type of adhesive and the proportion of a gluing mixture including the impregnation of plies with an adhesive to increase densification and also wood density (the degree of densification as compared with solid wood - POŽGAJ et al. 1993) show dominant effects on the properties of wood and plywood sheets (MOE in bending, bending strength). The following factors exert considerable effects: tree species, wood quality, veneer thickness and the proportion of an extender in the gluing mixture. The type of adhesive determines resistance to weather effects. Taking into account particular factors mentioned above the properties of solid wood can be even exceeded. As compared with solid wood marked homogenisation can be achieved because defective spots (knots, splits, etc.) are evenly distributed. A possibility to adapt the anisotropy of plywood sheets to a certain constructional function by the choice of the thickness profile appears to be a great advantage of plywood sheets that cannot be achieved by competitive semifinished products at all or only by a very difficult adaptation of production technology. The producer of plywood sheets is, however, limited by regulations on the admissible thickness of particular veneers. Relationships between the sheet construction and elastic and strength properties make it possible to calculate elastomechanical properties (when the sheet construction is known) or under requirements for certain elastomechanical properties to find out the sheet construction that can fulfil the requirements.
Present trends in veneer and plywood production are characterised by the fact that production has been transferred into regions with cheap working sources and inexpensive labour. Asia has accounted for the largest proportion since 1991. In 2000, it was already 48% of the world production of plywoods. The second largest producer of plywoods is North America with 34% market share. Europe occupies the third position with only 10% of the world production.
In many regions, plywood production is oriented to various special products the purpose of which is to substitute solid wood in other technologies or other kinds of materials, for example metals and plastics. Maximum use of decorative properties of natural wood is also of great importance.
Another effect influencing the plywood production is the expansion of production of other types of large-area materials, mainly particleboards and fibreboards. These cheaper materials lead to a decreased use of plywoods in standard technologies, e.g. in the manufacture of furniture and wooden constructions, which naturally results in the stagnation of plywood sheet production. Fig. 1 depicts the situation of the production, exports and imports of plywoods in the CR. The figure indicates the stagnation of plywood production due to the high volume of imports of cheaper plywood sheets from Asia, Brazil, etc. The increasing export of plywoods from the Czech Republic accounted, however, for only 2.3% from the total volume of exports of wood products in 2000. Sawn timber with its volume of 1,701,000 m 3 shows the largest proportion in exports from the CR.
The aim of the paper was to assess the bending strength and modulus of elasticity of exterior foiled plywoods in relation to their construction.
Mechanical loading means the process when interactions occur between mechanical forces and other loading factors in wood. Temporary or permanent changes in the body form are a result of the process.
According to physical nature, loading of wood or wood-based materials is divided into mechanical, moisture, thermal and other types of loading.
During the action of an external force on a body a stress (σ) occurs in the body. The stress is defined as the size of an internal force related to the unit area. If forces act perpendicularly to the body surface, it is normal stress. It is calculated according to the following relation:
where: F -the force uniformly acting on the body surface (N), S -the body surface (mm 2 ). If forces act parallelly to the body surface, they cause so-called shear stress (τ). It is calculated according to the following relation:
where: F -the force uniformly acting on the body surface (N), S -the body surface (mm 2 ).
Normal and shear stress is expressed in N/mm 2 . Because of the effect of external forces, changes in the body size, volume or shift in dimensions occur and thus also the partial change in the body form. These changes are called deformations.
Wood or more accurately the basis of its cell walls represents in principle a complex of natural polymers with long chain molecules. The structure of polymers determines the nature of their behaviour under loading. If external forces act on the polymers, the following three types of deformations can occur: -immediate elastic deformation (ε p ) -caused by reversible changes in average distances between chain molecules of polymers (it occurs immediately during the action of the force and after its relaxation it promptly disappears); -elastic deformation developing with time (ε t ) -sometimes called elastic deformation connected with the reversible rearrangement of particles of chain molecules (it increases gradually with time and disappears after some time after relaxation); -plastic (irreversible) deformation (ε pl ) -caused by intermixing the chain molecules. It remains after the acting force was relaxed (it is also called residual deformation, permanent deformation). In wood, deformations caused by changes in the moisture content occur very often. Wood obtains various dimensions thereby being deformed. Swelling represents elastic deformations. As soon as wood changes its dimensions and shape, internal forces have to originate in the wood causing stress (moisture stress). After the removal of water from the wood structure the wood obtains its original dimensions and deformations disappear.
Relationships between stress and deformation provide very useful information for the development of production of construction materials of wood. These relationships are of great importance mainly in determining parameters for plywood pressing, laminated densified wood, particleboards, etc.
Characteristics of failures in bending stress are various. They are primarily dependent on the geometry of shape, wood structure and effects of external forces. Several basic characteristics of failures are distinguished (Figs. 2-5).
MATERIAL AND METHODS
Tests were carried out on foiled exterior plywood sheets of two types of construction with slip-resistant (skidproof ) treatment.
The construction of combined plywood sheets is given in Table 1 and that of all-beech plywood sheets in Table 2 .
In both types of plywood sheet construction, producers give the surface density of surface foils 167 g/m 2 , gluing class 3 according to ČSN EN 314-2 (49 0173) standard, i.e. complying with AW 100 test and formaldehyde emission class A according to ČSN EN 1084 (49 2407) standard.
According to EN 326-1 and EN 325 standards, plans of plywood cutting were prepared. An example of the plan for plywoods 15 mm thick is depicted in Fig. 6 . The number of samples used for the tests is given in Table 3 .
Particular physical and mechanical properties of plywood sheets were determined according to the following standards: -ČSN EN 310 Determination of modulus of elasticity in bending and bending strength -ČSN EN 322 Boards of wood -Determination of moisture -ČSN EN 323 Boards of wood -Determination of density Normality of sets was verified using ShapiroWilkov's test. Subsequently, single-factor analysis of variance was carried out; to assess the interrelations of sets correlation and regression analysis was used.
RESULTS AND DISCUSSION

Moisture
Results of moisture measurements with basic statistic characteristics of combined and all-beech plywoods are given in Table 4 . Number of plies Construction 8 5 1.5 -2.6 -1.5 -2.6 -1.5 10 7 1.5 -1.8 -1.5 -1.8 -1.5 -1.8 -1.5 12 7 1.5 -2.6 -1.5 -2.6 -1.5 -2.6 -1.5 15 7 1.5 -3.5 -1.5 -3.5 -1.5 -3.5 -1.5 18 9 1.5 -3.5 -1.5 -3.5 -1.5 -3.5 -1.5 -3.5 -1.5
Veneer thickness 1.5 mm -beech other veneer thickness -coniferous species Table 12 is an aggregate table of bending strength and MOE in bending for combined plywoods, Table 13 gives results of the respective correlation analysis. Table 14 is an aggregate table of bending strength and MOE in bending for all-beech plywoods, Table 15 gives results of the respective correlation analysis. Table 16 gives results of correlation analysis for combined and all-beech plywoods. Important relationships are represented in italics. Negative correlation coefficient expresses negative dependence. The value of p given in tables under correlation coefficients expresses probability of the occurrence of a studied phenomenon in the basic set.
Figs. 7-9 show dependences of MOE in bending, bending strength and relative deformation on the sheet thickness in combined plywoods. In Figs. 10 to 12, dependences are given of MOE in bending, bending strength and relative deformation on the sheet density in combined plywoods, in Figs. 13-15 dependences are depicted of MOE in bending, bending strength and relative deformation on the number of plies in combined plywoods. Figs. 16-18 illustrate dependences of MOE in bending, bending strength and relative deformation on the sheet thickness in all-beech plywoods. In Figs. 19-21 , dependences are depicted of MOE in bending, bending strength and relative deformation on the sheet density in all-beech plywoods. Figs. 22-24 show dependences of MOE in bending, bending strength and relative deformation on the number of plies in all-beech plywoods.
Fractures of plywoods
The bending tests have demonstrated that both combined and all-beech plywoods of all thicknesses comply with minimum strength values given by DIN 68 705 Teil 3 standard.
In the bending tests, failures occurred mostly in surface layers of the tensile zone (Figs. 28-29) or along the whole thickness of a specimen (Figs. 25 to 27). In combined plywoods 18 mm thick, 75% of failures occurred in the central layer during bending Correlation analysis has demonstrated more relationships in aggregate sets for particular types of plywoods (Tabs. 13 and 14). Table 11 . Correlation analysis of all-beech plywoods along and across the grain plies take over the majority of strength in bending stress across the grain and vice versa only surface beech veneers 1.5 mm thick are most stressed along the grain. If we compare bending strength and MOE in bending between all-beech and combined plywoods (Figs. 32 and 33) we can conclude that all-beech plywoods reach higher values than combined plywoods. It is given by the fact that beech wood shows twice higher bending strength than spruce wood. 
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